INTRODUCTION
The forensic investigation technique which deals with human identification on the basis of lip traces is known as "Cheiloscopy." "Figura Linearum Labiorum Rubrorum" is the term designated to the wrinkles and grooves present on the zone of transition of lips. The imprint produced by these grooves and ridges is termed as "lip print." [1] Human identification is of utmost importance in any crime investigation and also in some civil cases. Human identification can be a very difficult process. Approaches for personal identification include anthropometry, fingerprint analysis, DNA fingerprinting, postmortem records, and blood groups differentiation. [1] The most common techniques allowing fast and reliable identification are dental records, fingerprint, and DNA evaluations. However at times, it is necessary to use other techniques like lip prints. [2] Since like fingerprints the lip prints of individuals is also distinctive and hence holds strong prospective for personal identification. [1] In spite of many studies being done in recent years, no unanimity is seen in the acceptance of cheiloscopy as a valid tool in human identification. This study was done to examine the uniqueness of lip print pattern in a given set of population and to evaluate for differences among male and female patterns. This study also aimed to compare the most prevalent patterns in this population with previous studies done on different sets of population.
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SUBJECTS AND METHODS
A total of 496 subjects, 326 males and 170 females born and brought up in North Maharashtra (Khandesh region of Maharashtra) were selected, ranging in age between 20 and 50 years. Healthy subjects with no lesions on the lips were selected. The sample size was calculated by the number of patients with healthy lips visiting the outpatient department during the duration of the study, i.e., over a period of 3-month during the months of June, July and August 2016.
The participants were informed regarding the procedure and informed consent was obtained. The present crosssectional epidemiological study protocol was approved by the research and ethics committee of our institute affiliated with Maharashtra University of Health Sciences, Nashik, and formed as per Indian Council of Medical Research norms (ECM/8344-53).
After cleaning the lips with gauze soaked with saline water, they were dried with sterile cotton. The lips were outlined with a sharp lip liner pencil (Davis ® no. 14, Davis, India). Using a lipstick applicator brush (Vega™, Tri Star Products Pvt. Ltd., India), non glossy lipstick of dark brown color (Lakmé enrich lip color classics, no. 421, Hindustan Lever Ltd., India) was applied uniformly to the lips starting at the midline and moving laterally. After about two minutes, to obtain the lip prints in normal rest position, the glued portion of the cellophane tape was placed over the lips first in the center and then pressed toward the corner of the lips. To form a permanent record, the cellophane strip was removed in one swing and stuck on white bond paper and was then visualized through a magnifying glass.
Method for analysis of lip prints
The image scanner was set at a resolution of 600 ppi, and the lip prints of all individuals were inverted and scanned in grayscale and later they were saved as Tagged Image File Format files for maximum details. [3] Each lip print was divided into six segments upper right (UR), upper middle (UM), upper left (UL), lower right (LR), lower middle (LM), and lower left (LL) [ Figure 1 ]. Each segment was studied alone to determine the type of the grooves. The most lateral part of the lip print (near the angles of the mouth) was excluded as it was usually smudged. [4] The divisions were done using Adobe ® Photoshop ® CS2 software.
The lip prints were analyzed according to the classification of El Domiaty et al. [4] which was as follows: A = complete vertical [ Figure 2] , B = incomplete vertical, C = complete bifurcated, D = incomplete bifurcated, E = complete branched [ Figure 2 ], F = incomplete branched, G = reticular pattern, H = X or comma form [ Figure 3 ], and I = horizontal, J = horizontal with others forms (vertical, bifurcate or branching) [ Figure 4 ]. The upward or downward bifurcated grooves were not considered separately as both the types were found together in the same regions. [4] Statistical methods SPSS software (version 10.0; SPSS, Chicago, IL, USA) was used to carry out the statistical analysis. To test the significant difference between males and females for different types of lip patterns, the Z-test (standard normal variate test) for proportion was used, and a significance was defined at P < 0.05.
RESULTS
In this study, no two identical lip prints were seen in the entire sample of 496 subjects with respect to all the areas of the lip. It was also found that only 17.13% of prints showed the same groove pattern in the UR and UL segments and 20.36% of prints showed the same groove pattern in the LR and LL segments.
Frequency of pattern types on different segments of the lips in the entire study population of 496 subjects is shown in Table 1 . The most predominant pattern when both upper and lower lip were considered together was type C (18.38%) and the least predominant pattern was type I (5.84%) [ Table 2 ]. However when upper and lower lip were seen in isolation, the upper lip showed a predominance of type H (18.48%) and type E (4.43%) was least common [ Table 3 ]. In the lower lip, the most common pattern was type C (19.15%) and type I (2.68%) was least common [ Table 4 ].
The upper lip of females showed type C (20.55%) to be most predominant pattern, and the upper lip of males showed type H (16.66%) to be most predominant. Type E was the least common type both in females (4.60%) and in males (4.11%). Z-test results showed that this difference was statistically significant (P < 0.05) [ Table 5 ]. The lip prints of lower lip, however, did not show any difference between males and females as type C was the most predominant pattern in both.
When individual segments of the lip were analyzed, it was found that the UM and LM segments in both males and females showed similar pattern, i.e., type I was the most common in both male and females in UM segment and type J was most common in LM segment. We also found that females show more similar pattern in all segments (type C pattern was seen frequently in most of the segments of females). In males, varied patterns are seen in all segments [ Table 6 ].
DISCUSSION
Various methods of identification can be of great help in establishing the exact identity of a person. [5] Latent lip prints left at crime scenes can be obtained up to 30 days after being produced and can offer a straight link to the suspect. [2, 6] The edges of lips have sebaceous glands with sweat glands in between; and therefore, the secretion of oil and moisture leads to the development of latent lip prints, similar to fingerprints. [7] Although lip prints are unusable for identification under circumstances where only skeletal structures remain. [8] It has been proven by many forensic odontological studies that lip prints form a worthy additional tool for personal identification. [9] Lack of population specific and gender specific data can hinder its use as evidence. Hence, study and analysis of such data in various population groups become unquestionably needed. [5] We tried to identify different patterns of lip prints and their relation with gender in a north Maharashtrian population, which has not been studied previously and tried to validate the uniqueness of lip prints. In our study, we did not find even a single pair of identical lip prints which showed the same type of groove in all different areas of the lip. This is not in accordance with El Domiaty et al., [4] who found 9.63% of individuals with same groove pattern in all areas of lips. Thus, our data further validates the uniqueness of lip prints.
Vahanwala and Parekh [10] stated that 52% of individuals have at least the same pattern in two quadrants, equally distributed in both males and females. El Domiaty et al. [4] found in individuals from Saudi that a higher percentage of individuals showed the same pattern in two areas (72.67% in the upper lip and 75.36% in the lower lip). We found that a much lower percentage of individuals showed the same pattern in two areas (17.13% in the upper lip and 20.36% in the lower lip).
In this study, the lip prints were obtained in relaxed and closed position. Sivapathasundharam et al. [11] reported that the uniqueness of patterns depends on the way the lip muscles are relaxed to produce a specific pattern. Well defined grooves are obtained in closed mouth position, whereas comparatively ill-defined and challenging to interpret grooves are obtained in the open mouth position. [12] Many authors have proposed classification systems for lip prints. Santos [13] divided the lip prints into two different groups (simple and compound), and each group was further subdivided into eight subtypes. Suzuki and Tsuchihashi [14] classified lip prints into six different types: Complete vertical, incomplete vertical, branched, intersected, reticular, and irregular pattern. Renaud [15] considered the lips in two halves (viz., left and right), and divided the grooves into 10 types (complete vertical, incomplete vertical, complete bifurcated, incomplete bifurcated, complete branched, incomplete branched, reticular, X or comma form, horizontal and the 10 th type was specified for any other form). Caldas et al. [16] considered the classification by Renaud as the most thorough classification. El Domiaty et al. [4] modified this classification, in which they modified the tenth form as horizontal with other patterns. We observed that it is a more detailed and complete classification system in which all types of patterns are incorporated, but at the same time it is time-consuming.
In this study, the classification given by El Domiaty et al. [4] is followed. However, in other studies, the classification advocated by Tsuchihashi et al. [17] was followed. So for the sake of convenience in comparing the results with the other studies, the classification by El Domiaty et al. [4] is compared with the classification by Tsuchihashi. [17] [ Table 7 ].
In our study, type C pattern was found to be most predominant, whereas Augustine et al. [3] in a study of 600 individuals from Maharashtra (Aurangabad) found type E to be most predominant and Randhawa et al. [12] studied 600 subjects from North India and found type A to be most common. Vahanwala and Parekh. [10] found that type A was the most recurrent pattern in Mumbai.
In an Indo-Dravidian population type E was found to be predominant by Sivapathasundharam et al., [11] whereas in inhabitants of Kerala Verghese et al. [18] reported type G to be most predominant. Kumar et al. [19] in their study conducted on Pondicherry population have reported that type C pattern was the most common in that population which is in accordance with our study. However, many other studies like Koneru et al. [20] compared individuals from Kerala and Manipur found type A to be most prevalent in both populations. Type E was found to be most predominant in studies done by Verma et al. [21] and Kinra et al. [22] in populations from Haryana and Jaipur, respectively. Some other similar studies have reported that type A, C and G were the most common in their respective populations. [5, 23, 24] This shows that geographic variation does exist in lip prints with respect to the most common pattern and further studies would be required to validate this.
In our study, the upper lip of females exhibited type C whereas of males showed type H to be most common and this difference was statistically significant. However, the lower lips of both males and females revealed type C to be most predominant. Augustine et al. [3] reported that in both upper lip and lower lip type E pattern was most predominant among males and females. Kautilya et al. [5] in a south Indian population found that in upper lip, females had type A and males had type B more commonly and in lower lips females showed type B and males showed type E most commonly. This difference in pattern among males and females seen in our study suggests that upper lip patterns can be more definitive in predicting the sex then lower prints.
When individual lip segments were studied, we found that females show more similar pattern in all segments (Type C pattern was seen frequently in most of the segments of females). In males, varied patterns were seen in all segments. This was in accordance with Vahanwala and Parekh, [10] who reported that males show varied pattern in all segments and females show similar patterns in all segments.
We also found in the segmental analysis that the medial segments showed no sexual dimorphism, whereas the lateral segments showed sexual dimorphism. Similarly, other authors [3, 5] have also found the lateral prints to be more definitive in sex differentiation than the medial segments.
Based on the lip patterns can the upper lip and the lateral segments of the lips be more effectively used for sex differentiation? This possibility needs to be explored, and hence, large numbers of segmental studies are needed to validate it.
Many a times at crime scene lip prints are found in parts and not of whole lips. In such situations, the data referring to the lip as a whole does not help. The majority of the studies in the literature have focused only on the medial segment of the lips. Hence, our Classification by Domiaty et al. Classification by Tsuchihashi et al. study is more descriptive as the pattern of the entire lip is studied. Furthermore, we used the classification by El Domiaty et al., [4] which is a more detailed and complete classification, and there is lack of literature in this regard as till date only one study [4] has used this classification. Limitations of this study include improper sample size.
Large ethnic variation is evident in a vast country like India, and hence there is a necessity for additional studies to be conducted in different centers with a large sample size to form a cohesive cheiloscopy system which would be a valuable device in forensic odontology. [1] 
CONCLUSION
The uniqueness of lip prints was validated to a great extent by our study. This may be of great help in criminal and civil identification processes. The study revealed a special pattern of lip prints in individuals from North Maharashtra and discussed its differences related to gender. The patterns of upper lip prints showed significant sexual dimorphism among males and females. The outer portion of the lip can more reliably differentiate the sex of the person based on the lip print pattern as compared to the center portion of the lip. Our suggestion is that establishing a database of all individuals in a particular area would prove to be very helpful to further enhance the usefulness of cheiloscopy as an identification tool.
